designed experiments to study false recall and false recognition that were based on a technique first used by Deese (1959b) . In a series of experiments in the late 1950s, Deese (1959a Deese ( , 1959b was interested in learning how associative factors affected recall. Deese (1959a) presented subjects with 15-word lists that varied in their interitem associative strength, "defined as the average relative frequency with which all items in a list tend to elicit all other items in the same list as free associates" (p. 305). He showed that this measure correlated highly (ϩ.88) with the number of items recalled from the list but negatively with the number of extralist intrusions that subjects produced (Ϫ.48). However, the stronger the associative bonds between list items, the more likely were subjects to produce the same common associate as an intrusion (ϩ.55). In summary, lists of words that were strongly interassociated tended to produce accurate recall; when an intrusion did occur for these lists, it was likely to be highly similar among subjects.
To examine their tendency to produce intrusions, Deese (1959b) presented 50 subjects with 12-word lists that varied in their interitem associative strength. For example, he presented subjects with the 12 most common associates to the word butterfly (moth, insect, wing, bird, fly, yellow, net, pretty, flower, bug, cocoon, color) and asked them to recall the list in any order (single trial, free recall). In this instance, not 1 subject incorrectly recalled butterfly. However, for other lists constructed in exactly the same way, intrusions were quite high. For example, when given the 12 most common associates to the word needle, 42% of the subjects intruded the critical nonpresented word in immediate free recall. Deese's (1959b) report examining intrusions to strongly associated lists of words rested quietly in the literature, known to only a few researchers until Roediger and McDermott (1995) revived it. Because many of the lists (such as the butterfly list) did not produce many intrusions, and because the more famous work by Deese (1959a Deese ( , 1965 emphasized the power of associations in producing high levels of veridical recall, the possibility of using this technique to produce false memories was overlooked. Indeed, because single-trial free recall usually leads to very small numbers of intrusions, especially with unrelated word lists (see Cofer, 1967; Roediger & Payne, 1985) , there was every reason to regard Deese's (1959b) findings of high intrusion rates with only a few of his lists with some suspicion. However, the technique is now receiving much more attention. In an interesting historical review, Bruce and Winograd (1998) argue that the different reactions in the scientific community to the Deese (1959b) and Roediger and McDermott (1995) papers offer a classic illustration of the zeitgeist's influence in science. Basically, in 1959, errors Roediger and McDermott (1995) induced false recall and false recognition for words that were not presented in lists. They had subjects study 24 lists of 15 words that were associates of a common word (called the critical target or critical lure) that was not presented in the list. False recall and false recognition of the critical target occurred frequently in response to these lists. The purpose of the current work was to provide a set of normative data for the lists Roediger and McDermott used and for 12 others developed more recently. We tested false recall and false recognition for critical targets from 36 lists. Despite the fact that all lists were constructed to produce false remembering, the diversity in their effectiveness was large-60% or more of subjects falsely recalled window and sleep following the appropriate lists, and false recognition for these items was greater than 80%. However, the list generated from king led to 10% false recall and 27% false recognition. Possible reasons for these wide differences in effectiveness of the lists are discussed. These norms serve as a useful benchmark for designing experiments about false recall and false recognition in this paradigm.
in memory were regarded mostly as a nuisance, and so received little attention; by the early 1990s, the genesis of memory errors was one of the main issues in the memory literature (see Roediger, 1996) . Roediger and McDermott (1995, Experiment 1) first conducted a demonstration experiment using the six lists that had produced the most intrusions in Deese's (1959b) experiment: the 12 words most strongly associated with each of the words chair, mountain, needle, rough, sleep, and sweet. The subjects were instructed to pay close attention to the words as they were presented and, following presentation of each list, to recall as many words as they could without guessing. Roediger and McDermott confirmed Deese's (1959b) results with these lists, with the subjects recalling the critical nonpresented word from which the list was constructed on 40% of the trials. In fact, probability of recall of the critical nonpresented words approximated the probability of recall of words that had been presented in the middle of the list. This is a remarkable finding, one that was replicated in Experiment 2 and has been generally confirmed in subsequent work (McDermott, 1996; Schacter, Verfaellie, & Pradere, 1996) .
Following presentation of all six lists, Roediger and McDermott (1995) gave subjects a recognition test in which studied items, critical lures, and other lures were presented. The subjects rated their confidence on a 4-point scale as to whether the word had appeared on the list (4 ϭ sure old, 3 ϭ probably old, etc.). Collapsing across level of confidence for old responses, the probability with which subjects classified critical items as being old (.86) was no greater than it was for critical lures (.84). Furthermore, over half of the critical lures (.58) were assigned to the "sure old" category. Unrelated lures were called "old" with a probability of only .02.
Encouraged by these results, showing remarkably high levels of false recall and false recognition, Roediger and McDermott (1995) conducted a second experiment in which they created 24 lists (the original 6 and 18 new ones) and again tested free recall and recognition. The recognition test employed the remember/know procedure developed by Tulving (1985) and Gardiner (1988) . Briefly, in this procedure, subjects are told to classify each item judged old (or studied) as to whether they can recollect some specific aspect of its moment of occurrence in the list (a remember response) or know it was on the list but cannot remember the moment it was presented (a know response).
False recall of the critical item in Roediger and McDermott's (1995) Experiment 2 was 55%, even higher than it was in Experiment 1. In addition, the false alarm rate to the critical items (.76) was actually slightly greater than the hit rate for studied items (.72). Furthermore, the subjects were just as likely to report that they remembered some specific aspect about the occurrence of the critical nonpresented word in the study list (.48) as they were for studied words (.49). (These values are collapsed across two conditions in the experiment.)
In short, Roediger and McDermott's (1995) procedure represents a straightforward and powerful technique to elicit and to study false memories in a standard list-learning paradigm. As such, it offers a robust method to study memory illusions (Roediger, 1996) . People recall, recognize, and remember events that did not occur. Furthermore, later research has shown that subjects will make an attribution about which of two experimenters, one male and one female, spoke the illusory word in a videotape presentation of the lists (Payne, Elie, Blackwell, & Neuschatz, 1996) and will attribute other characteristics to the illusory memories, albeit sometimes not at the same levels as for veridical memories (see Mather, Henkel, & Johnson, 1997; Norman & Schacter, 1997) .
Given the wide interest in the topic of false memory and in using this technique to study it, we thought it would be helpful to obtain some normative data on lists that can be used to produce false memories. Deese (1959b) used 36 lists from Russell and Jenkins's (1954) word-association norms. Roediger and McDermott (1995, Experiment 1) used 6 of these lists in their first experiment and developed 18 more lists for their Experiment 2. McDermott (1995) developed 12 more lists. The current study employed all 36 lists. (Nineteen of these lists were based on ones used by Deese, 1959b) . Here, we present normative data on false recall and false recognition for 36 lists developed by Roediger and McDermott (1995) and McDermott (1995) .
METHOD
The general method followed that used by Roediger and McDermott (1995, Experiment 1) , with the 24 lists from their Experiment 2 and the 12 additional lists developed by McDermott (1995) .
Subjects
The subjects were 205 undergraduate students who were enrolled in introductory psychology at the University of Missouri-Columbia. Their participation was part of a course requirement.
Materials
Thirty-six lists were tested (see Appendix). Each list consisted of 15 associates of a critical target. For 24 of the lists (Roediger & McDermott, 1995) , the 15 associates were generally the first 15 items in the Russell and Jenkins (1954) norms; some words were substituted when they seemed more likely to elicit the critical target or when a word appeared in another list or was a critical nonpresented target for another list. These 24 lists are marked with asterisks in the Appendix. The other 12 lists developed by McDermott (1995) were loosely constructed from the Russell and Jenkins norms, but the 15 associates selected were those that seemed most likely to produce a false memory. Again, some words not in those norms were used when they seemed more likely to lead to false memory or in order to avoid using words that were associates or critical targets in other lists.
The 36 lists were randomly divided into two sets of 18, and a random order of the lists within each set was constructed. The 18 lists were recorded onto audio tape in a male voice at the rate of 1 word every 2 sec. The items in each list were presented in the order shown in the Appendix (i.e., in order of strongest to weakest associative strength).
Recognition tests consisted of 108 words randomly ordered in 4 columns of 27 on a sheet of paper. The 108 words consisted of items from serial positions 1, 8, and 10 of each of the 18 studied lists (54 total items), the 18 critical targets, and 36 additional words not found in any of the 36 lists. The 36 additional words were selected to be unrelated to the 36 sets of words constituting the critical lists.
Procedure
The subjects were tested in one of four sessions, two devoted to each set of the lists; approximately 50 subjects participated in each session. In all, 95 subjects were tested with the first set of items, 110 with the second set. The subjects were told that this was an experiment on memory for lists of words, that they would hear several lists of words, and that at the end of each list (indicated when the experimenter pressed the pause button on the tape player), they should write on their answer sheets as many of the words as they could remember. As in Roediger and McDermott's (1995) study, the subjects were told to be reasonably sure that any word they wrote down was on the list. The subjects were given 2 min to recall each list. They recorded their responses in an answer booklet constructed of 18 sheets of paper, with the list number indicated at the top of each sheet. The subjects turned to the next answer sheet prior to presentation of each list.
After the subjects finished recalling the items from the last list, they turned their recall packets face down and were given the recognition test. They were asked to read each word carefully and to circle it if they thought it had been presented on any of the 18 lists. When all of the subjects had completed the recognition test, they were asked to write on the back of the recognition test what they thought the experiment was about.
Data Analyses
Each subject's responses were transcribed onto a coding sheet on which recall or recognition of an item was recorded. If, in answering the question about the purpose of the experiment, the subject mentioned that the words in the lists were all related to a common theme, they were judged to be at least somewhat aware of the purpose of the experiment. In Roediger and McDermott's (1995, Experiment 2) study, 1 subject indicated that the lists were designed to make her think of a nonpresented word; that subject was the only one to produce no false recalls. The criterion used in this study was much more liberal, in the hope of allowing a comparison of subjects aware of the structure of the lists and those who seemed not to be. After all the data were transcribed, they were double-entered into an electronic format. The two sets of data were then compared, and data entry errors were corrected before the results were analyzed.
RESULTS
The recall data are presented in Tables 1A and 1B , with the lists sorted according to the proportion of false recall of the critical target; Table 1A presents the 18 lists that produced the highest levels of false recall, and Table 1B presents the 18 that produced the lowest. Over all the lists, the range of false recall was fairly wide. Sixty-five percent of the subjects falsely recalled WINDOW when presented with the corresponding list, but only 10% falsely recalled KING. Roediger and McDermott (1995) reported that the mean level of false recall was close to that of the midlist items at the flat part of the serial position curve (Positions 4-11). Similarly, in the present study, recall of the actual list items followed the form of the standard serial position curve, and the probability of false recall (M = 40%) was fairly similar to the probability of recall at the middle of the serial position curve (again using Positions 4-11; M = 48%). For the top 18 lists (see Table 1A ), however, false recall (M = 51%) was somewhat higher than recall for the midlist items (M = 45%). For the bottom 18 lists (see Table 1B ), false recall (M = 29%) was lower than recall for the midlist items (M = 50%). The standard error of the mean was around 5% for recall of both the actual list items and the critical target within each list.
Veridical recall did not relate strongly to false recall; the Pearson product moment correlation across subjects of the proportion of the 270 list items correctly recalled with the proportion of the 18 critical targets falsely recalled was r = Ϫ.20 (n = 205, p < .01). The correlation across lists was also modest; that is, across the 36 lists, false recall correlated r = Ϫ.25 (n = 36, p > .10) with veridical recall. The level of false recall was very stable across different subgroups of subjects. Awareness of the structure of the lists seems not to have moderated performance. The correlation between proportion of false recalls for a given item in aware subjects (n = 161) with the corresponding proportion in unaware subjects (n = 44) was +.72 (n = 36, p < .001). Also, a split-half correlation was calculated by arbitrarily dividing the subjects into two groups, calculating the means for each list, and correlating the levels of false recall across lists. That correlation, too, was fairly high, with r = +.80 (n = 36, p < .001). Deese (1959b) reported levels of false recall for 19 of the 36 lists we used; the correlation between his level of false recall and ours for those lists was +.57 (n = 19, p < .05). Overall, the estimates of recall performance shown in Tables 1A-1B appear to be quite reliable.
The recognition data are presented in Tables 2A and 2B , with the lists sorted according to the proportion of false recognition of the critical target; Table 2A presents the 18 lists most likely to produce false recognition of the critical lure, and Table 2B , the 18 lists least likely to do so. The range here was remarkably wide, too. Eighty-four percent of the subjects falsely recognized WINDOW, but only 27% falsely recognized KING. The mean level of false recognition was 66%. The overall rate of false recognition of the critical target was about the same as the rate of correct recognition of the items from serial positions 8 (M = 63%) and 10 (M = 65%) but less than the rate of correct recognition of the item in Serial Position 1 (M = 89%). For the top 18 lists (see Table 2A ), however, false recognition (M = 77%) was about midway between recognition of the items in Serial Position 1 (M = 88%) and those in Serial Position 8 (M = 60%) or 10 (M = 66%). For the bottom 18 lists (see Table 2B ), false recognition (M = 55%) was lower than recognition for both the item in Serial Position 1 (M = 91%) and the items in Serial Positions 8 (M = 66%) and 10 (M = 64%). Similar to the recall results, veridical recognition did not relate strongly to false recognition; cumulating over lists, the correlation across subjects of the proportion of the 54 list items correctly recognized with the proportion of the 18 critical targets falsely recognized was +.15 (n = 205, p < .05). The correlation across lists was also small (r = Ϫ.14; n = 36, p > .10).
Like the recall data, the recognition results were very stable across different subgroups of subjects. The correlation between proportion of false recognition for a given item in aware subjects with the corresponding proportion in unaware subjects was +.79 (n = 36, p < .001), which was close to the split-half correlation of +.85 (n = 36, p < .001).
Finally, false recall and false recognition were strongly related. Across lists, the correlation was +.77 (n = 36, p < .001); across subjects, it was +.65 (n = 205, p < .001). Recall and recognition were not quite so strongly related for veridical memory, with correlations of +.52 (n = 36, p < .001) and +.49 (n = 205, p < .001) across lists and subjects, respectively. Of course, the relation between recall and recognition (both veridical and false) is likely to be at least partly due to the fact that recall preceded recognition in our design.
DISCUSSION
The present results provide a wealth of information about the effectiveness of the lists developed by Deese (1959b) , McDermott (1995), and McDermott (1995) in creating false recall and false recognition. This Deese-Roediger-McDermott paradigm, which has been dubbed the DRM (pronounced "dream") paradigm by Endel Tulving (see Roediger, McDermott, & Robinson, 1998) , is being widely used by cognitive psychologists to study the illusion of remembering an event that never happened. Although many phenomena of false recognition have been studied, the DRM paradigm permits three relatively distinctive features in that (1) free recall can be used, (2) subjects are warned not to guess, and (3) testing occurs immediately after list presentation. Even when subjects are told the nature of the illusion and warned about producing the critical item, they still do so (Gallo, Roberts, & Seamon, 1997; . Under certain conditions, the illusion can be remarkably powerful. For example, when McDermott (1996, Experiment 2) presented three lists blocked together for immediate free recall, subjects recalled 37% of the 45 list items correctly, but recalled the three critical items 57% of the time. The subjects were far more likely to recall the words that were not on the list than those that were.
Because we now know which lists create the effect most strongly, the norms we provide here permit the possibility of answering new questions about this phenomenon. Tables 1A and 2A provide the 18 lists that create the highest levels of false recall and false recognition, respectively. Tables 1B and 2B provide 18 lists that provide moderate amounts of false recall and false recognition. Of course, there is a high correlation between those lists providing false recall and false recognition, at least in our design, in which recognition always followed (and was therefore possibly influenced by) recall. Among the questions we are currently asking, using these norms, are the following: What is the role of associative processes in creating false memories in this and related paradigms (see Roediger et al., 1998) ? Is there some characteristic or set of characteristics of the lists that determines their tendency to elicit false recall and false recognition? Can the lists that produce very high levels of false recall and false recognition be manipulated so as to dampen the phenomenon, by changing word order or by substituting a few new words for those in the current set? Correspondingly, can the lists that are less effective in producing false recall and false recognition be altered to be more effective in this regard? Can subjects (or for that matter, cognitive psychologists) judge (without our norms) which lists are more or less effective? We (McDermott, 1995; Roediger & McDermott, 1995) created the lists to produce high levels of false recall and false recognition and are ourselves mystified by the wide variability in their effectiveness and by which ones are and which ones are not effective. These are just a few of the questions that we think can be answered with the help of the norms provided here. Tables  2A and 2B  89  63  65  72  66 Note -M, Mean of 1, 8, and 10; T, critical target. * See endnote 2.
